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Abstract of KR 20040104232 (A) 

PURPOSE: A vertical gallium nitride-based led and 
fabricating method thereof are provided to improve 
the luminance and the reliability by removing a 
sapphire substrate and attaching a conductive 
substrate such as a silicon substrate. 
CONSTITUTION: A light emitting structure(1 25) is 
formed by stacl<ing sequentially the first conductive 
type GaN clad layer(125a), an active layer(125b), 
and the second conductive type GaN clad layer 
(125c) on a sapphire substrate. The light emitting 
structure is separated from the sapphire substrate 
except for the first conductive type GaN clad layer of 
1 00 angstrom. A conductive substrate(1 31 ) is 
attached on an upper surface of the light emitting 
structure by using a conductive adhesion layer. The 
sapphire substrate is separated from the light 
emitting structure by using leaser beams. The first 
contact and the second contact are formed on the 
sapphire-substrate-removed side of the first 
conductive type clad layer and the exposed side of 
the conductive substrate. The conductive substrate 
is cut according to the separated light emitting 
structure. 
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S7l£4'aA|gS■?S£!gSa^^0^E|-E 103- 408 
AHS^'aA|^?l!^3X|-S2- 33BD1S: 



(74) CHBiej 



(54) "^situ^yii g^l^c^o|^c o| ^ii^i^n^ 



7|& ^^ 



B 4^^ ?J-fe- GaN ^^^C^0|o c o| x^|^^^'g^ofl Bf} '^JiS.^M, A|-II|■0|0^7|E.^• ^.^^i GaN 

a! n\2 GaN 3EH^®0| ^Sh^&joS. HH^IS SfS-^igg S^thfe B7^|£h, 1^-71 A^II^O|o^ 

0^| A^11 GaN SBH^SOI ^OiE. 100A a| ^V\\^ ^^fe 5JS ^ITcFOlic o| 3_y\oi\ £^H|- 



B^lfil-. ■fel-71 ^S-^SSSYEI ^71 A^II|■o|o^7|eo| geitlS.^ ^7| Ahnho|oH7|& c|-¥oi| aioixH gJS SAhBffe 



o^7iAH, ^^7\ 4r7i x^|2 GaN aaii=soi x^|7^£|o^ 4!'7i ^^?^goi mm ^a^choia = aL7i 



a-^hfe GaN chol^j^ TSI^^a 



e a^@o^l D[h^?j,e^ioi^H* oissfo^ A^II^o|o^7|&s soi^^fflAHE, A^^^o|o^7|&s alo|A^ ^ow ^ 
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4^^?ZS. ^=^c\o\2.^. GaN ii-^cl-oisc, A|-Il|-0|0H7|e. silolxHSggS 



teal urn 

21: -feiBlS 7|& 22: 

24: Sa-S Sl*r^ 25a: pH GaN SEH = S 

25b: 25c: ni^ GaN SEIJJ^S 

25: GaN St^^^S 27.29: tm. 



s ^se ^^^^ GaN i-^i- c^o|sc oj 3 xii^yj-a^cHi ^-^1 y£ ass-y* ^?j-a^^ej A^ 

ii|-o|oH7|£^g Al|7H«|-iL MS\B7\&:si- H^j-^ 7|&g S-sta-o^AM ^EE. SI <:dSl-aS GaN c:|-o| 

^luj-^Ho^, ^t-i!- c|-0|£E.(light emission diode: LED)fe #o| x||Stl■o^| 7|^tf-o^ a]-SE.*^|4;;^h^AH 

, SSiM, ^!Xp|7|0i|Ai O^EH SEHo| S'S^S ysl AhgEm S^tK ^7| tUfS g GaNfe ^^ ^=g'CiO\2.^^xym 

oiiAHfe o^!L^A|2|- m zj e|-&o| ^hx^s i^^sm, ch grs 3I^so| ^hx^s i^^sF7i mm^-\^ ch ye en^ as 

7hA|fe S^SCh. 

CHIS Soi a|0|X^O^| AfSElfe AIGalnPSSS, 7^AI >5^5^M^o| ^-^1^(5^ 600- 700nm)CHj SH&tH=K tf-Soi 
A.aiEgol gxH x|.2jAH n^^t-g ^'at|-7[ ^st|AHfe b|jjL^ g "He 7|-7;fe XH^oj -^21 

S 5'm|-0|E.(SiC)£F 111^ ^mmn -^§1 ash ifS(GaN)0! ojcK g-Hf^r LEDfe ^ Ahx-li 5L|0^|£., %^7|^S-x|( 

optical storage) o| Ai^SZhS S7hA|a 4= S^SC^^^^Oll tdlsH 2f 4bH S7h7hfe)g §!-:il ?JdK 

§ fi-ai- 4^ •yS7h^E.i- 71^01 giicK nfShAH, GaNaS^ -ys-g 541^*^ 7I&S AhS«ho^o|: *hcK 0|<y- ^& G 
aN^iSS ^th ^§f7|&o^fe Ahn^oloi ^ st^ofe ^Aho|^(Ai 2 O 3 )7!^^o| aii^^olcK 

ShXleh, A^E|■0|0^7|£!■e 7|&S A|-S«ro^Mi, GaN7^| l^S- ChOl^cal ::p3E0-y £,lO^A^ 5 x!|ofS gi-^CK £1 
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CHI iA|=! SBH^ GaUn C[0\2.^o\ ?x^|^o^ ^Ssh?!^ 

SSliSi GaN ^^C|-0|S=o| *g-ig£o|Cf. GaN CFO|ac(io)fe A|-IlhO|OH 7|£!-(11)I!f Zl AWOIOH 
7|S(11) ^^o^| ^-a^ GaN ghS?SM(15)g SH-fhCf. 

&^7| GaN gi-S-=p-SM(15)& ^^7| A|■E^O|0^ 7|fi &'■0^|(11) S-^S GaN S-EI)^@(15a)jl|- C|■§gfA^■^i 

g(Multi- Quantum We\\)=?2E2\ a-^S(15b)3!f GaN aEH = S(15c)S. 9^^@CK a-&^2Ee(15)S MOCV 
D B°\ SSS Olg^oH ^^^m ^ ?Jt^\. 01 mf, GaN SEH^S(15a)fi <yi^§h7| ^jcH| A|-llh0|0i7|e(11)alho| ^ 
A^gl|•S ir^^A|?|7| -^aii. AIN/GaNO-S. o|^o^£| b-jiiig(D|£A|)g S^ir 4=£E ?JcK 

?I'2^01| SH&'Stfe pf^ GaN asHS.S(15c)5f #iyS(15b)g Zd-^M <H|S'SFoH GaN a5H£.$(15a) 
¥ fei-fflS izgA!5'|Jl, n i^M^ GaN SeHi^S(15a) ^^jUl- aBH^S(15c) Z^ZIf ±^Q^ 5l^S 21 

^Fsh?! ?ja|(19)aih pS asi(i7)S S-^E-H^K "yeh5:^:°S. S?|-A|5'|eAH£. ♦|£E0^| ej-g^ifs 

Sf7| o|5HAH, SaH = S(13) ^e<Hfe p§ |ja|(17)S ^^SF7| Soil ¥-a^EJ^(transparent electrode: 16) 

s. ^MSh 4;[r; oIf-l 

B O O S I — 1— hVA*^! . 

oi£h s-oi, sBHfij GaN ^^c^o|ic.(10)fe s^jMssj A^E^o|o^ 7\B{^^)^ Mst[7\ ojieoij, ^ ae](i7.i9)oi 7h 

SI -^^fh ^"-Sro^ S-y^ ^ ^|o^| gHcK CLhShAi t!ef2j7|-A|o^[ ?^S1(19)o^^E^ ff^S(l5b)S »SH p'S w 
^g- i::|-o|2.E.(iO)fe ^gj-ir SJg|-(V , )0| S7|'S|-0:| £j#s.SO| xHsl-SlcH, S^H7|gr£i(electrostatic discharge)s:ai|- 

^asl GaN i^irc|-o|s^(io)o-||AHfe, SSSiSsj S7^o^| o|5H -gasi-^gfol a.Ji, &^o\\ A|-n|-0|OH 7m-(11)o| 

^ss-acHi ojg}) <a^soi ^*t^7;l a§7i-oii u[e[ Amo\o^7m{^^)M gbn a-s?ss(i5) zj-cHi 7i 

i-fopK GaN if^c|-0|:£E.(lO)(H|Aife, nH ?Hai(19)S i^-y*f7| m^M, ^o^E. ^-^m £l^(19)S| 'EH5:lMi:|- 

^ ^^^ci-oi^^o| Ah-|.Djois e^iss l^^t^7| mmM. Ai-H^oioi7ie§ my-\u^ ssoi 4=yEio4o|: nc[. 

^J^m, AFirhoH7ia-g 7:fl7Hmfe SSS A^3I|■o|o^7|S■o| 7|7^|^ ?f£7^ 7|71|=£! <^D[m S& 7:<|7H(Hte 

71- ?jo[3^, 5j|o|7:-| o|S*^ ^B|7|^JE •MS^s^S.^ A|-n|-o|oH7|£fJf GaN ^^S•?^MSI 'M^^^H^ SJ ^ 

A^¥ssr^^ eisH mom ^Aj-^sc^iAi ^^7i GaN n^^oi ^^^^^ mnm ar^ir 4 

0\m MCl- ^^A-||§| -aStl-e, A}■II|-0|0^ ^B\n[7\ ^m, mom ^-S A|-h|-0|0H 7|&o| §1-12^0^1 2EAI-S- CCllOll, Al-Hl- 

o|oH 7|&a^ GaN &SSSSI ^SS■74I4=^^ ^x|-¥StJ-:°^ £J©H S^oj a-^&cK ^, A|-II|-o|o^o| oiig^H7H|^ 

2f 7.5 X 10 -6 /K eJcHI y«tOi GaN EhSSe 5.9 x 10 -6 /KOjCN, 16%°! ^Al-^SIfw 7|-X|lH, GaN/AIN 

tHnHS'S^tffe g^oH!£, ^ o/oO^ qx^¥Siro| ois. ejsH, aioixn yo^| oi^^- <ay^A|oi Ai-EhoioH7i£b 

GaN El-ass^ StfollAife ^ oj-^gB^jii o|xhge*o| ^^-a^ch, s.]\o\M 2EA|-°j54o| a4;o|-o^( 
, GaN H-SSSSI SB* £2b2^ ^0| 3.7|| ^^A|S ^ 



e ^gg ^i-?! sxiiag sl|gs^7| ^istjAi ^o^, n Ai-nfoioi 7i&aiF atl-a-s y-^^^s 

ME|S^^>^, a! 4:A|-^ ^a-aS n^M^ 4^ AH^e ^Sal GaN ao|:2. = £j x^i3E^^a 
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MM s-yste e7^i2K iy-7i A^II|-o|o^7|^!■ &^o^| x^|1 caN seh^soi ^ho-j^ iooA o| s 
2Ego| ^'■'Soii £^1^ 7I&S atrsfe &7^ifii-, ^i-?! A|•E^o|o^7|^E!■o| esiEit^ ^'■7i Ahuf 

0I0H7I& t[^Oi mom SAh©fe EMI - 0^7|Ai ^7| fe'-7| ^h^tl A^|2 GaN SBH^§0| X^|7^£J OH Ah7| 

l^S^^^ol sjs Mi-S-cl-oljos. 37|s £i-?Ho| e£|g-£K &»-7| A^|1 MeH^SS-l gfffl g M^-o\o-\ 7IS- 

01 Ai|7H@ eljJl- ^71 t^l-S 7|&o| JtSS BtHI Aill §y A^|2 fjOIS B7=l|2h. -^71 ^BIS ^^^SM^HI 

UFgrajshTllfe &^7| tf^^^gg 1xh ^E|# £C1|<H| ^7| i^Ei^ #EH = SSJ n 2|imO|t|-^ ^ 9^ 

5ES-, M l^Sal d|-i.i-^i& 4!A|SEtiOl|AHfe, 4iA|-o| ak^^ aio| %^^'-A|7|7| ^ai, -^71 A-||2 Ga 

N SEH^sJif =a*rs A^o|o^| s^g, s^ia^Mas oi^oi^i wAi-gs ch sir* ^ aich. oiehs- eJ■A^sos 

fe, Au, Ni, Ag, Al ^ tTS^^ t^^^S ZLgo^^E^ 'td^^ AhSS" 4^ S^C^K 

U^Sr^thcH, •fer7| tS-y a^rSS^fe Au- Sn, Sn. in, Au- Ag, Ag- In, Ag- Ge, Ag- Cu SJ Pb- SnB JElTShfe ZLS 

a GaN ^Se^^ ^•^tm, #7| A^|2 iSS SBH^SS M^MOl ESS GaN ^SS^^ ^^Sfe 5!0| U^ 
#71 E^H-y S^^e* OlSShO^ E^H^ 7I&S &7=ife, S*rgS OIBI Eti^ 7lEh£| th^O-il 

^•yeho4 sisrir ^E s-j^Di, ■fe^7i B^sf^^g #^011 ^|o^i t^i^ 7i&s ^nt^^ 2J 

0|2F ^01, e ^gcHI LL[B ^^=^Z^ GaN ^src:^0|£^ A^|^^^lae GaN ^ST^S^S A^iI^O|o^7|t^ #o|Ai 

^S-A|5'|ji, zi Afnl-oloH 7lS!-o| fl*!Ei- eJ-cH^cHi ^b|s 7|E[-Jih E^i-^ 7|£!-S i^i-S ^^^^SS o|S5^oH 
Mil #^ofl a|o|?:H as olSSl-o:! A|-nho|oH7|El-S x^7-\m°^}M McF SolshTtI 4'5|:75e if3-ao|£cm 4. 

7^iaiiAH ^o^E 100A ^m\2-\ x^|1 s^jig gbn sbh^ss-I ^¥7^ A|-^|■o|o^7|^!- ■y■o^| ^i-waiso^/^ biioixh oi 
g& A^E^oio^7|eol eBiB7=ii(HiAH n AhshoioH 7i&s ^oihsho^ #71 a*ts= §gAi?fe eA^lM sr^iir 

o| [illoil ^!-#t^ GaN aatlES^ eilolAH •gjg SA^s^o:! A^Ir^o|o-|7|^.l-g ^Bl^^fe Jl^So^|A^ §0^540^ 

ar-atlfe 7171154 ©2^^^ A^|7-Ili ^ cU-Bl-AH, S-Wth Ai|i iEt!?^ GaN geHE-Se DIAHe.!- 7|7<|5h g2^cHi£ :s^l7-| 
1! 4= SJE^, ul-irsjsFTllfe er 2|amO|sfo| ^mm 7^^|D^, MCI- uHr^^FTllfe er I|im0|5fro| 4. oicK 

olsK SYS M-Sw ir^sroi e ac^ #A||^| ^'S5^7|^ thcK 
E2b & a^SSj ^^'^o^| c[fE^ A^|^=! CaN yJ-?r c^o|o c(40)o| ^EhSEoIcK 

#7| GaN C|-O|os.(20)fe pii GaN aEHsS(25a), #-y^(25b) SU GaN aElj£.g(25c)S SfT^fe 

^^g(25)« Sirtfni -yai^o^ #71 GaN SBH = S(25a)thBcH| y-AhS{22)S S&m 4- 2JCK #7| 

B^A^g(22)^ E^d-y S^^e(24)g Oi«©|-0^ ^E|s 71^(21 )il|- ^n^C:}. #71 elA^e(22)e 4iA|- #n3o^ ir§|-fe 

^^¥i£# s=#Ai7i7i eos.AH, ei-Ai-soj e^os. oi^oHs ^ £jcK d|■ir^s^7^fe. #71 &>AfS(22)e 

Au, Ni, Ag, Al S! n ij-g^S. ?-^S zigos^-Ei -id^S gSS. o|¥S 4= 9a'cK 

as-, #71 tl■A|-S(22)t^eHo^ife #7| El^^ S*,'-«(24)0| m^B^l. g ^^S(H| [£1-5 GaN El-^SeJ ^'•i!-=?iM(25) 

B M^oMym #<H| rS#E|LK Al-nfoloH 7\B^m t^cH'ao^| ES-a 7ie» ¥*r5|-:ii, M^oMymSi 7;fl7-|5|-fe s 
SSH £2011 EAis GaN ^iT ii|-o|sc(20)2l- ito\ 4=^?^^ ??dSnh. 

ols ^^31-71 ^mM, -ysie 7i&(2i)s ¥st5i-7i ^ch tsi-s asi-s(24)oi Ai-sscK e a^gopH Afgsi^ e^j 

^ SS|-§(24)e a^-a* ES-^ gao|O^0^ S-cf. OIEH© AHSS^ Au- Sn. Sn, in. Au- Ag, Ag- in, Ag- Ge, A 
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o|oH 7I&J11- &e| t^H-y 7|&o|DH Di-^&cK e ghgcHlAH Af-gH 4^ ajfe S.^i'^ 7[Et-o^fe SiC, 
ZnO,l::^o|o^sc §y GaAs go| g^'S 4^ ?/!c:K 

0121- a-o|, e 4jA|^Ef|o^| a:^e iJ-s c|-o|s^(20)fe rfersh¥7h ?H7|^o.s. ^E5^ 4^ =?-^m sr^i^K cdi-bi-ah, -y- 

71 4IBIS 7|£!-(21)£J thB^t nS GaN SaH^g(25c)Si ^^CHfe aej(27)J!^ fijq(29)S S^BT 

o^Mj E.2£^ =4^ gsn a-ir choisc?^ ^i-^gcK 

e ^ai^eHchi it^B GaN gi-^ c^o|£c(20)fe 5si|o| oi^■\y^7i\ SJSS x-ilg&izK ^-td, A^3I^o|o^7|£^ 

[:H^do^l AjBi^ 7i&(2i)s A^s*|■osM^ <^^^s.3.[7\- <&^m7i\ji, s#*se sbiisi =4^9^^ i^^choi^c Mch 

se, 5S2fe<H|AHfe. 7H-£dS- ^ 'S^5So| ^atf?:! sro[^^, S:at.i- 

A^H^0|0^7|t^0| TiWSiS.^, g-fl^ S0-t|-fe SSOl =r 9Je:K the, LEDS! #^|£.^SoflAi£, g 

OlsK £3a Lljxl 3fS ^^§^0^ e argoi 4.5]^^ GaN srirc:|-0|£^ ^ci ^M\m 

£3aS Al-al-olo-! 7|5t(l21) ^o]\ GaN eaSS^S. ol^oi^j ?^g(125)0| S■aiEJo^ ojc:^. AT?! ^ 

i|-?^g(125)S ^-^ohb GaN GaN a5HE.S(125a), S-'yS(125b) a! GaN aEH£.S(125c)S- 

it^^hcK £3a0fe EAjtJXl a?|OLh, MCh e}A^*.31|-« ?d7| ^(SHAH ehAh^O| Au, Ni, Ag, A\ EE^ 

30^ o|^o^^l ei-Al-SS tsasl Eh?^|cH|AH gJ-^?ig(l25) ^eo^ ^ym^^ 4^^ g^'a. 

0|0H, E.3b2[ ^^0|, nf? GaN aEli£S(125a)7^ ^0-\E. 100A o| ¥^HI(t)^ S-I-W^F^^ ^^7| ^l■%^?Z£S(125)S 
gj-g-Cl-Ola^ol H7|(S)^ m eel&CK 0|e^£^ 1:Sh&e|SS& HA|e H^2|■ ^0|. A^H^0|0^e£|E^7^|0^iA^ 

£|b e^|o|7:^ao^l g^^-^ol ^|4:Sh£j£^, &S-?^S(125'}S SIS^SJ ^^-^ c^o|s = o^l a.7| 

^ es|Sh£|, ZL ^^%^?^S(125■) A^0|0^| 5^0^£ 100A o| ^THlm 3th n^i GaN aEli£go| 2!-^Y^(i25'a)0| A|-E^ 

o|o^7|£^(121) ^^oii g+^ei se|s^x|fe ^fecK 

^^7| n« GaN SBH^«(125'a)& *^Elb A|-E|-o|o^ 7|£K£3do| 121)« Ma|tf7| ^IsH 5^|0|X^ilS A|-irhO| 

oloil a\n ^'■A^|E^ *^si-7is ti-cK 

H-Al^cK e E!-:H|<H|aH ^'■71 E^j^ 5jsi'*(124)e E^i-^ 7|E!-(i31)o| a1•^o^l S^*!- n "Ejg ai-S"T'^w(125: 

S^Tol S.S«|-ia GaN 1-Sljs.g(125'c))^i>l! ?^tf^fe gf-N^S 4=^. 9i^Oi, om &BI, 

124)S ES-a 7|£!-(i3l)a| ijH-gjoll DIBI S-yti- #^CH| ^^7| E^j-^ 7|5!-(131)S tf^^?^§{125') ^'''Soll HH^Itfe 
|,h<!^o^ ^JE ?JCK 0=|7|AH A|-SE|b a*,'-e(124) gS^b Au- Sn, Sn, In, Au- Ag Ag- in, Ag- Ge, 

Ag- Cu EEt: Pb- SnS ^ SJcK #7| Oi|A|S E^H-^ SS|S(124)^ ^^shfe SHe Ulil^:! t^A^Sg ?> 

■b ^^/ir^OlHS., a^ol yAl-S(£20| 22)S Al-gtl-Xl SfO^E EtA(-@ 7|[:Htt- 4= JJCK 

& 07^i« esH E3b(HiAH ssh^iswi m^m ars^¥^S(i25')s oi^ Ahnhoion 7ie!-(i2i)oi ^E.m *chie e.^ 

S€! ^eHS. SMS ^ ?icK l:c^E^A^. a^f^^ji^ US: +^SSoflAHi SMS ^eHs □h>^s g# olgtho^ #o|5l■7^| 

•iJsHjEJ -is o Iri- 
ses s T AX '-r • 

o|oH, £3d£h &o|, AhnholoH 7|IE!-(i2l)o| s|-Y(H| mW as SAI-SI-O^ MBIS ^ Sl-%'-?ig(125')S¥ 

E^ &^7| Al-m-olo-! 7|&{121)S ^BIAI^CK -^^71 Bllolx-I US A|-nho!o-|7|£h(l21)& ^-HI-Sl-o^ S& nS GaN a 
Etl^S Gal!|- S4i(N 2 )^ MB|A!7!:ri, ^S^l eS.^ 7h^S|-0^ GaS SgAHJo^Mj i^7| ^S'9-SS(125') 

^^Ej A|-nh0|0-|7|?h(121)^ S0|5|-7|| gBlAl^ ^ gJCZh. 
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o|x^ijo^j ojtii c^^H^ s*i-s(i24)oi 4T7| ^^h^ 7i&(i3i)iii- si-ir?sM(i25')s.i s^^^oi mm Mei 

§ ^ Sn\7[ 4^ 9>!CK CC^E|■A^, B ^SO^|A^b, A^II^0|0^7|£^(121)g aiOlX-l yo| ^^7| 

Sl«rS(124)0i| 5iS ^^7:|Sh7| JiHSH, S.3aO| ^T^NIAH, grir?Sg(124)S Sh^i^hTll eB|S|-7;| atal, nS Ga 

N gBH^Soi 2h#^^(i25'a)S ^ lOOA o| ¥7711^ ^^-^thch. o|2|- &o| Ahn^o|oH7|&& ^Jl^& ei|o|7:iaS 

xh&s|-7| ^Sh nli GaN SeH^g 5h#¥e(125"a)°l ¥Z7lte ^loHs looA ¥7^IS. 5^o=|o|: 

0|2^ a-Ol i-S^?2ES(125') A^0|0^| GaN gEH^g &¥¥M(125'a)0| £Xt|SH:HEhiE, ^ ¥7.?1l{t)fe ^"-qi^^^ Dll 
o otoH^^ AhEh0|0H7|&(121)2^o| T^lejoj °a^g ^ ^^(1 25'a)S ^iH^btll ±a@c:K [CfBl-Ai 2t l^-iT? 

ss(i25')fi^ 7=iiecHiAH ^^iife- 4Jii5:iei s^e ^ iJ-^?^^(i26')^ u^m ^'^{s)o\m ^^nn £|oh, ^js^^ 

5E&, '&^7| GaN MEt|SSS.| &#¥S(125'a)& 7|:^i|5Ho^ SiHH|0^ K]\7-\B\B.^, M£l■^^S^^I SBIS S^S^^^ 

aioixHgj sAur a! Alfl- goii o|5H ifEhs ^ gj^t-K u|•i^5j5^7^|fe 2|jmoi3K mcf b^u-^5^7^lfe ^ i 

Cl'So^, iSeSi- 0|, -^71 aJi|-So| ?j=eo^| fHSl^^g^^ ^A|EH=K £3efe £3da| Soil-gft ^^-7^ fihSS 
EHS £A|a- 5!0|liK 0:|7|AH ^ejS^SSg af3^?SS( 125)^1 GaN #B||^S(i25a)Sj £51-^ 7| 

e!-(131)-e.| S|■eo^| cHSH ^AIScK CI-EI-, nS GaN aEI|E.e(1 25a) o| 4^eo^| ^-ytlfe- €Hii|(139)e D|->^a-S 0| 

S^oi 'U¥-'lincM^^3-S. ^^fflsl §&'-)ol|e!- d^^^S ^-^£|cH, €i^(l37)e HH^^i^^^A^ 5E?H-Sd 7|eh( 

i|g^Ho^_ £3f2|- a-Ol, E3e 7H1S I^IT C|-0|S.^o| 3.7|, ^ %^%^=?-^w{^25•)9\ 3.7\^ 

UBtM m^^2i GaN C|-0|<£S(130)S 1^* ^ ?JcK "yej"^^^ £^-^71^(131)$ A|-ll|-0|0H7|Ei- 

(121) (HI ulsH ?J•£7^ ^B|S7|Sh sol AhS£|°^, gAeoi gEh^x^g g-j] ^o\tm m<E.m ^ £JnK 

olSh ^o\, S gJ-@S ^!^#it 4Ia|§eH s! S¥S JEScHI ojBij fi-^jEjfe 5Jo| o|-l,|ji. S^l^^lo^! ^sH t^^^ 

Jin stoj, =s?'^^i(Hi 7i75i@ e ^'•ssi 71^^ A^^s '^!o^l_^x| lh<hiah agrg- ?^eho| ^is, gj 



^^Eh Ul-fil- S-Ol, -g- GaN ^H" C|-0|J£E. X■||i^^'ao■|) Dj-sBj, el|0|X^g 0|S*|-0:< A|-lthO|OH7|0* gO|*|-aAH 

A^E^o|o^7|^^& ^a^tfe sl!o|x^ ajo^| ojgi- a^soi s«£ib mnm ©Hairo^Aii ^^^sisoi 



(57) S^^l Sfl 

^-j ZIL of i 
cdH^ o 1 . 

A^II|-0|0^7|t^ &^ot X-iH GaN mS-W^B. SJ A^|2 GaN SEHS.gO| UH^ISJ 

mm S^tfe &7^l; 

^71 A^^|-0|0^7|t^ #0^| x^|1 ^^H^ GsN SEH^SOI ^0]S. IOOA oj -¥^1^ t^#£jE^ £JS ^l,^c:^0|S^ 

t^H-a aStSS 0|S§h0H ^^7| Srir^Sgol ^t^oil E^J-y 7|£HM SlSrShfe B7^|; 

^3-=|iS^S¥E! ^^7| A|■II|■0|0^7|^^0| MBIEIS^ &^7| A^II|•0|0■^7|S!■ sh¥(H| B|jo|x-| SAl-Sl-fe - 0^ 

7|AH. £h^£h A-Ii2 GaN gEH£.eO| Ai|7Hi|0^ Aj-^j aj-^hirii^gol i|S ^^iTchOlS^ SL7|^ gj-^j^l SBl 

=•1. ■ 

4!-7| A^|1 t^ifj SEH^SS-l g ^^7| A|•31|■0|0^ 7|&0| n\7-\^ ejjll- Aj-p^l £^H^ 7|eo| h^^a ScHI Aill M\2 
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troll osoUH, 

GaN ii-S" Cl-OIOE. Tcll^li-a. 
3. 

GaN ^S" C|-0|o c 

4. 

troll °!o-iAH, 
^7i ^^=?-^mm s-ashfe e7=ife, 

fe^7| xte t^JS GaN SSHM m\ SS^ o|To^5] e.UF§S l^^sfe E^7^|g c4 iS,^s^t ^S^^ 

sj-fe GaN grS- C|-O|os. Xll^li-a. 

^7 1 eiAFes, 

Au, Ni, Ag, Al iy n I^go^ Zlgo^YEi -tJaiS! SS^ 0|^0^5J ^Sos GaN no\2. 

n: x-il yj' 1^ 

6. 

x^|1l>^o^| ojoMH, 

^7| irg-?^go| ■y•eo^| ^.ti-g 7iti-s stf&i-fe B>*iife, 

^^7i 7ieo| s^^eo^l tei^ iasfss i^-^oi-fe &^i£i-, 

GaN Cl-Ol^E. XiiZE.g>^S. 

xih Si-Oil Sio-jAH, 

^^7| &^l,^=F2Ego| ah^qII £.^1-^ 7|5^g stftl^ e7=llfe, 

^7| gj-^^^^o| ^eoll ^7| i^^^^fe &?<|2|-. 

^K7| 7|£F- ^7| ef^^^go| ^1^011 SiirA|?|fe Oj^oHS ^S^^ Sfe GaN D^OlS.^ 



^7i 7ie&, 

^E|5, 7l|safe, SiC, ZnO, cl-ojo^^c ni QaAsS ZLgos^E^ -td^jS 0|^0^?E! ^S-^S Sj- 

GaN tt-S" EZ|-0|OE. X^|^^^a. 
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Au- Sn, Sn, In, Au- Ag, Ag- In, Ag- Ge, Ag- Cu SI Pb- Sn^^ =?-^& zigo^^Ej ^yajg 0|^oH5J 5iS 

sgos. Sfe GaN IhS" chO|oc x-||^|i-S. 

St^'S" 10. 

X-IH £.af^ GaN SEH^Sfi n^ M^gO| GaN aSgO|EH, 

m aai^se pi^ M^goi caN sssej 5s ^sq. ^ sh^ GaN ci-oi^c x-n^g^a. 
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125c ^ 

125b I 125 
125a J 



125c' 




— 125b' I ^25' 
125a' J 



125 c' ^ 
-125b' 125' 

-125 a' J 



.125c' 

125b' 125' 

-'125 a' ' 



139 



125a' -] 
~125b'M25' 

125c' J 




125b' f 125 
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